MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



Advance Information 

1 0-Bit A/D Converters 

with Serial interface 

CMOS 

These ratiometric 10-bit AOCs have serial interface ports to provide conmunication with 
MCUs and MPUs. £rl/reir a 10- Of 16-bit format can be used. The 16-bit format can be one 
continuous 16-bit stream or two intermittent S-btt streems. The converter i operate from a 
single power supply with no external trimming required. Reference voltagi» down to 2.5 V 
are accommodated. 

The MC145050 has the same pin out as the S-bIt MC146040 which aWowi an external 
clock (ADCLKI to operate the dynamic A/0 conversion sequence. The MC146051 has the 
same pin out as the S-bit MC14S041 which has an Internal clock oscillator and an end-of- 
conversion (EOC) output. 

• 1 1 Analog Input Channels with Internal Sample-and-Hold 

• Operating Temperature Range: -40° to 12S°C 

• Successive Approximation Conversion Time: 

MC145050-21 Its (with 2.1 MHz ADCLK) 
MC146051 -88 /is Maximum 

• Maximum Sample Rate: 

MC145050- 38 ks/s 
MC145051-10.7 ks/s 

• Analog Input Range with 5-Volt Supply: to 5 V 

• Monotonic with No Missing Codes 

• Direct Interface to Motorola SPI and National MICROWIRE Serial Dati Ports 

• Digital Inputs/Outputs are TTL, NMOS, and CMOS Compatible 

• Low Power Consumption: 14 mW 

• Chip Complexity: 1630 Elements <FETs, Capacitors, etc.) 

BLOCK DIAGRAM 



MC145050 
MCI 45051 




ORDERING INFORMATION 



MC1450$xP 
MC14S06XDW 



Plastic DIP 
SOG Package 
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AN7[ 


8 


13 


Ivag 


AN8l 


3 


12 


]anio 




la 


11 


]AN9 




cS 
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AOCLK (MC14S050 ONLY) 
EOC (MC14S051 ONLY) 



WICROWIRE « a iradSfnarii of National Semiconducror Corp. 

This docurrwni conuins information on a new product. Specifications and information heroin are subject to chsngs wittiout notica. 
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MAXIMUM RATINGS* 



Symbol 


Paramatsr 


Value 


Unit 


VOD 


OC Supply VoltBQe (Referenced to Vss' 


-0.5 to +6.0 






DC Reference Voltage 


Vag '° voo+o.i 




vag 


Analog Ground 


Vss-0.1 toVre, 


V 


Vin 


DC Input Voltage, Any Analog or Digital 
Input 


Vss-0-5 to 

Vdd+0.5 


V 


Voot 


DC Output Voltage 


Vss-0.5 to 

Vdd+0.5 


V 


lin 


DC Input Current, per Pin 


±20 


nA 


'out 


OC Output Current, per Pin 


±25 


nA 


•OD. 'SS 


DC Supply Current. Vqq and Vgs Pins 


±50 


nA 


Tsto 


Storage Temperature 


-65 to 150 


"C 


Tl 


Lead Temperature, 1 mm from Case for 
10 Seconds 


260 . 


"C 



This device contains protection circuitry to 
guard against damage due to high static voltages 
or electric fteids. However, precautions must be 
taken to avoid applications of any voltage higher 
than maximum rated voltages to this high-imped- 
ance circuit. For proper operation, Vj^^ and V^^t 
should be constrained to the range ^^sS^^^in 
or V(,(jt)sVDD. 

Unused inputs must always be tied to ^n ap- 
propriate logic voltage level (e.g., either Vgs or 
Vdd'- Unused outputs must be left open. 



* Maximum Ratings are those values beyond which damage to the device may jccur. 
Functional operation should be restricted to the Operation Ranges below. 



OPERATION RANGES (Applicable to Guaranteed Limitst 



Symbol 


Parameter 


Value 


Unit 


Vdd 


DC Supply Voltage, Referenced to Vgg 


4.5 to 5.5 


V 


Vref 


DC Reference Voltage (Note 11 


VAG + 2.5to VoD + 0-1 


V 


Vag 


Analog Ground (Note 1 ) 


Vss-0.1 toVref-2.5 


^ 


Vai 


Arwiog Input Voltage (Note 2) 


VaG to Vref 


V 


Vin. Vou, 


Digital Input Voltage, Output Voltage 


Vss to Vqo 


V 


Ta 


Ambient Operating Temperature 


-40 to 125 


"C 



NOTES: 

1 . Reference voltages down to 1 .0 V ( V^^f - V/^q = 1 .0 VI are functional, but I ie A/ D converter electrical characteristics are not guaranteed. 

2. Analog input voltages greater than V^gf convert to full scala. Input voltages Ie: s than V^q convert to zero. See Vref and V^G P*n descriptions. 



DC ELECTRICAL CHARACTERISTICS 

(Voltages Referenced to Vgg, Full Temperature and Voltage Ranges per Operati >n Ranges table, unless otherwise indicatedl 



Symbol 


Parameter 


Test Conditions 


Guaranteed 

Limit 


Unit 


1 1 


Minimum High-Level Input Voltage 
(D|n, SCLK, C5, ADCLW 




2,0 


V 


V|L 


Maximum Low>Level Input Voltage 
(Din, SCLK, C5, ADCLKI 




o.a 


V 


VOH 


Minimum High-Level Output Voltage 
(Dout. EOC) 


Iquj = - 1.6 mA 
lout = -20^ 


2.4 

vdd-0-1 


V 


Vol 


Maximum Low-Level Output Voltage 
IDout. EOC) 


'out = + 1.6 mA 
Iqu, = 20 (iA 


0.4 

0.1 


V 


'in 


Maximum Input Lealcage Current 
(Djr,, SCLK, C5, ADCLK) 


Vin = Vss or Vdd 


±2.5 




IQZ 


Maximum Three-State Leakage Current (Dout' 


Vol t = Vss or Vdd 


±10 




'do 


Maximum Power Supply Current 


Vjn = Vss or Vdd, AH Outputs Open 


2.5 


mA 


'ref 


Maximum Static Analog Reference Currant {"^j^f) 


Vre =Vdd. Vag = Vss 


100 


mA 


'Al 


Maximum Analog Mux Input Leakage Current 
between all deselected inputs and any selected 
input (AN0-AN10) 


va = Vss '0 Vdd 


±1 


;.A 



MOTOROLA CMOS APPLICATION-SPECIFIC DIGI FAL-ANALOG INTEGRATED CIRCUITS 



2-45 



A/D CONVERTER ELECTRICAL CHARACTERISTICS 

<FuJI TempMraturs and Voltag« Ranges per Operation Flanges table; MC14S050: 50(i kHz£ADCLKs2.1 MHz unless otherwise noted.) 



Charecterietic 


Definition and Test Conditions 


Guaranteed 

Limit 


Unit 


Resolution 


Number of bits resolved by the A/D convertei 


10 


Bits 


Maximum Nonlinearrty 


Maximum drfferenca between an ideal and an actual ADC transfer function 


±1 


LSB 


Maximum Zero Error 


Difference between the maximum input voltage of an ideal and an actual ADC 
for zero output code 


±1 


LSB 


Maximum FuU-Scale Error 


Difference between the minimum input voltag > of an ideal and an actual ADC 
for full-scale output code 


±1 


LSB 


Maximum Total Unadjusted Error 


Maximum sum of nonlinearity, zero error, and full-scale error 


±1 


LSB 


Maximum Quantization Error 


Uncertainty due to converter resolution 


±1/2 


LSB 


Absolute Accuracy 


Difference between the actual input voltage ar id the full-scale weighted 
equivalent of the binary output code, all error lources included 


±1-1/2 


LSB 


Maximum Conversion Tinie 


Total time to perform a single analog-to-digrtal conversion MC146050 

MC14S051 


44 

88 


ADCLK 
cycles 

MS 


Data Transfer Time 


Total time to transfer digital serial data into an i out of the device 


10 to 16 


SCLK 


Sanr>ple Acquisition Tirne 


Analog input acquisition time window 


6 


SCLK 
cycles 


Minimum Total Cycle Time 


Total time to transfer serial data, sample the analog input, and perform the 
conversion 

MC146060: ADCLK = 2.1 MHz, SCLK = 2.1 MHz 
MC146051: SCLK = 2.1 MHz 


26 
33 


MS 


Maximum Sample Rata 


Rata at wtiich analog inputs may be sampled 
MC146050: ADCLK = 2.1 MHz, SCLK = 2.1 MHz 
MC146051: SCLK = 2.1 MHz 


38 
10.7 


ks/s 



0.50- 

0.45- 

0.40- 

0.35- 

0.30 

0.25- 

0.20- 

0.15- 

0.10- 

0.05- 



MC145050: A0CI.K = 2.1 MHz, SCLK = 1.05 MHz 
MC14S051: SCLK^ 1.05 MHz 
Vr,f"Voo.V« = Vss = SMl 
SAMm ACQUISinON TIMEO ms 



3.0 



4.0 4.5 
VOD.SUPPIY VOLTAGE (VOnS) 



NOTE: This "typical" graph is not to be used for design purposes but is intended as an indication of the IC's 
potential perlormanca. 



Graph 1. Typical Nonlinearity vs Siipply Voltage 
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AC ELECTRICAL CHARACTERISTICS 



(FuU Tamperature and Voltags Ranges per Operation Ranges table) 



Rgure 


Symbol 


Peremeter 


Guflrsfitsftd 

Limit 


Unit 




f 


Clock Frequency, SCLK 
Note: Refer to ty^n, t^i betow 


(10-bit xfer) Min 
(1 1- to 16-bit xfer) Min 
(10- to 16-bit xfer) Max 




Note 1 
2.1 


Mhiz 


1 


f 


Clock Frequency, ADCLK 
Nota: Refer to twH- twL t^^ow 


Minimum 
Maximum 


500 
2.1 


kHz 
MHz 


1 


twH 


Minimum Clock IHigh Time 


ADCLK 
SCLK 


190 - 
190 


ns 


1 


twL 


Minimum Clock Low Time 


■ ADCLK 
SCLK 


190 
190 


ns 


1, 7 




Maximum Propagation Delay, SCLK to Dout 


125 


ns 


1, 7 




Minimum Hold Time, SCLK to D^ut 


10 


ns 


2. 7 


tpU' 'PHZ 


Maximum Propagation Delay, C5 to Dgut IHigh-Z 


150 


ns 


2, 7 


tPZL. tPZH 


Maximum Propagation Delay, CS to Dout Onven 


MCI 45050 
MCI 45051 


2 ADCLK cycles -t- 300 

4,3 


ns 
MS 


3 


tsu 


Minimum Setup Time, Oj^ to SCLK 


100 


ns 


3 


th 


Minimum hlold Time, SCLK to 0;^ 





ns 


4, 7, 8 


td 


Maximum Delay Time, EOC to Oout <MSBI 


MC146051 


100 


ns 


5 




Minimum Setup Time, ZS to SCLK 


MC145050 
MC145051 


2 ADCLK cycles + 425 
4.425 


na 


_ 


*CSd 


Minimum Time Required Between 10th SCLK Falling 
Edge is 0.8 V) and IJS to Allow a Conversion 


MC145050 
MC145051 


44 
Note 2 


ADCLK 
cycles 


- 


tCAs 


Maximum Delay Between 10th SCLK Falling Edge 
( s2 V) and ^ to Abort a Conversion 


MC145050 
MC145051 


36 
9 


ADCLK 
cycles 

MS 


5 


th 


Minimum Hold Time, Last SCLK to 





ns 


6, 8 


*PHL 


Maximum Propagation Delay, 10th SCLK to EOC 


MC145051 


4.35 




1 


tr. tl 


Maximum Input Rise and Fall Times 


SCLK 
ADCLK 
Din-C5 


1 

250 

10 


ms 
ns 


1, 4, 6-8 


tTLH. tTHL 


Maximum Output Transition Time, Any Output 


300 


ns 




Cin 


Maximum Input Capacitance 


AN0-AN1O 
ADCLK, SCLK, C5, D;n 


55 
15 


pF 




Cout 


Maximum Three-State Output Capacitance 


Dout 


15 


pF 



NOTES; 



1. After the 10th SCLK falling edge (^2 VI, at least 1 SCLK rising edge 1^2 VI must occur within 38 ADCLKs (MC145050) or 18.5 ns 
(MC145051I. 

2. On the MC145051, a ^ edge may be received immediately after an active transition on the EOC pin. 
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SWITCHING WAVEFORMS 



,„ [-"-'pzH-tpa 



Doit 



• IPLH- 'PHL 



0£ 



Rgure 1 



Onut 



C2.41 
0.4 I 



90% 
10% 



Figure 2 



VAUO- 



—J' 0.8 V 



Figure 3 



EOC 



■«TIH 



• VAUO Msa 

NOTE: D,3ut is driven only when CS is active (low). 
Figure 4 



SCU 




Figure 5 



SCLlt / lOTH 



EOC 




THl 
Rgure 6 



-<PHl 



TEST 
POINT 



2.18 It 



DEVICE 
UNOER 
TEST 



:iOQ ff 



DEVICi; 
UNOEf 
TEST 



EOC 



TEST 
POINT 

p 



50 ff 



Figure 7. Test Circuit 



Figure 8. Test Circuit 
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PIN DESCRIPTIONS 

DIGITAL INPUTS AND OUTPUTS 

The various serial bit-stream formats for the MCI 45050/51 
are illustrated in the timing diagrams of Figures 9 through 14. 
Table 1 assists selection of the appropriate diagram. Note that 
the AOCs accept 16 clocks which makes them SP1 (serial 
peripheral interface) compatible. 



Table 1. Timing Diagram Selection 



No. of Clock* in 
Sarial Tranafar^ 


Uaing 

CS 


Sarial Tranif ar 
Intarval 


ngura 
No. 


10 


Yes 


Don't Care 


9 


10 


No 


Don't Cara 


10 


11 to 16 


Ye* 


Shorter ttian Conversion 


11 


16 


No 


Shorter than Convaraion 


12 


n to 16 


Yes 


Longer than Conversion 


13 


16 


No 


Longer than Conversion 


14 



CS (Pin 151 

Active-Low Chip Select Input. Chip select initializes the chip 
to perform conversions and provides 3-3t3te control of the 
data output pin (Dout*- While inactive high, CS forces Dout 
to the high-impedance state and disables the data input (Dip) 
and sarial clock (SCLK) pins. A high-to-low transition on CS 
resets the serial data port and synchronizes it to the MPU data 
stream. CS can remain active during the conversion cycle and 
can stay in the active low state for multiple serial transfers or 
CS can be inactive high after each transfer. If CS is kept active 
low between transfers, the length of each transfer is limited 
to either 10 or 16 SCLK cycles. If cS is in the inactive high 
state between transfers, each transfer can be anywhere from 
10 to 16 SCLK cycles long. See the SCLK pin description for 
a more detailed discussion of these requirements. 

Spurious chip selects caused by system noise are minimized 
by the internal circuitry. Any transitions on the CS pin are 
recognized as valid only if the level is maintained for a setup 
time plus two falling edges of ADCLK after the transition. 

NOTE 

If CS is inactive high after the 10th SCLK cycle 
and then goes acttve low before the A/D con- 
version is complete, the conversion is aborted and 
the chip enters the initial state, ready for another 
serial transfer/conversion sequence. At this point, 
the output data register contains the result from 
the conversion before the aborted convereion. 
Note that the last step of the A/D conversion 
sequence is to update the output data register with 
the result. Therefore, if CS goes active low in an 
attempt to abort the conversion too close to the 
end of the conversion sequence, the result register 
may be corrupted and the chip could be thrown 
out of sync with the processor until CS is toggled 
again (refer to the AC Electrical Characteristics in 
the spec tables). 



Serial Data Output of the A/D Conversion Result. This out- 
put Is in the high-impedance state when CS is inactive high. 
When the chip recognizes a valid active low on CS, Dout >s 
taken out of the high-impedance state and is driven with the 
MSB of the previous conversion result. (For the first transfer 
after power-up, data on Oo^t <s undefined for the entire trans- 
fer.) The value on Dgut changes to the second most significant 
result bit upon the first falling edge of SCLK. The remaining 
result bits are shifted out in order, with the LSB appearing on 
Dout ^pon the ninth falling edge of SCLK. Note that the order 
of the transfer is MSB to LSB. Upon the 10th falling edge of 
SCLK, Dout is imnnediately driven low (if allowed by CS) so 
that trstnsfers of more than 10 SCLKs read zeroes as the unused 
LSBs. 

When CS is held active low between transfers, Dout driven 
from a low level to the MSB of the conversion result for three 
cases: Case 1 —upon the I6th SCLK falling edge if the transfer 
is longer than the conversion time (Figure 14); Case 2— upon 
completion of a conversion for a 16-bit transfer interval shorter 
than the conversion (Figure 12); Case 3— upon completion of 
a conversion for a 10-bit transfer (Figure 101. 

Din IPiin 17) 

Serial Data Input. The four-bit serial input stream begins 
with the MSB of the analog mux address (or the user test 
mode) that is to be converted next. The address is shifted in 
on the first four rising edges of SCLK. After the four mux 
address; bits have been received, the data on Djn is ignored 
for the remainder of the present serial transfer. See Table 2 
in Appillcations Information. 

SCLK (Pin 18) 

Serial Data Clock. This clock input drives the internal I/O 
state machine to perform three major functions: (1) drives the 
data shift registers to simultaneously shift in the next mux 
address from the D|n pin and shift out the previous conversion 
result on the Dout P>n. (2) begins sampling the analog voltage 
onto the RC DAC as soon as the new mux address is available, 
and (3) transfers control to the A/0 conversion state machine 
(driven by ADCLK) after the last bit of the previous conversion 
result h.95 been shifted out on the Dout P'l^- 

The serial data shift registers are completely static, allowing 
SCLK rates down to dc in a continuous or intermittent mode. 
There are some cases, however, that require a minimum SCLK 
frequency as discussed later in this section. SCLK need not 
be synchronous to ADCLK. At least ten SCLK cycles are 
required for each simultaneous data transfer. After the serial 
port has been initiated to perform a sarial transfer*, the new 



*The serial port can be initiated in three ways: 11) a recognized CS 
falling edge, (21 the end of an A/D conversion If the port is performing 
either a 10-bit or a 16-blt "shorter-than-convBrsion" transfer with 
CS active low between transfers, and (31 the 18th falling edge of 
SCLK if the port Is performing 16-bit "longer-than-conversion" trans- 
fers with ^ active low between Transfers. 
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mux address is shifted in on the first four rising edges of SCLK, 
and the previous 10-bit conversion resutt is shifted out on the 
firet nine falling edges of SCLK. After the fourth rising edge 
of SCLK, the new mux address is available; therefore, on the 
next edge of SCLK (the fourth falling edge), the analog input 
voltage on the selected mux input begins charging the RC 
DAC and continues to do so until the tenth falling edge of 
SCLK. After this tenth SCLK edge, the analog input voltage 
is disabled from the RC DAC and the RC DAC begins the 
"hold" portion of the A/D conversion sequence. Also upon 
this tenth SCLK edge, control of the internal circuitry is trans- 
ferred to ADCLK which drives the successive approximation 
logic to complete the conversion. If 16 SCLK cvcles are used 
during each transfer, then there is a constraint on the minimum 
SCLK frequency. Specifically, there must be at least one rising 
edge on SCLK before the A/D conversion is complete. If the 
SCLK frequency is too low and a rising edge does not occur 
during the conversion, the chip is thrown out of sync with the 
processor and CS needs to be toggled in order to restore proper 
operation. If 10 SCLKs are used per transfer, then there is no 
lower frequency limit on SCLK. Also note that if the ADC is 
operated such that CS is inactive high between transfers, then 
the number of SCLK cycles per transfer can be anything be- 
tween 10 and 16 cycles, but the "rising edge" constraint is 
still in effect if more than 10 SCLKs are used. (If CS stays 
active low for multiple transfers, the number of SCLK cycles 
must be either 10 or 16.) 

ADCLK (Pin 19. MC146060 Only) 

This pin clocks the dynamic A/D conversion sequence, and 
may be asynchronous to SCLK. Control of the chip passes to 
ADCLK after the tenth falling edge of SCLK. Control of the 
chip is passed back to SCLK after the successive approxi- 
mation conversion sequence is complete (44 ADCLK cycles), 
or after a valid chip select is recognized. ADCLK also drives 
the CS recognition logic. The chip ignores transitions on CS 
unless the state remains for a setup time plus two falling edges 
of ADCLK. The source driving ADCLK must be free running. 

EOC (Pin 19, MC14S061 Only) 

End-of-Conversion Output. EOC goes low on the tenth fall- 
ing edge of SCLK. A low-to-high transition on EOC occurs 
when the A/D conversion is complete and the data is ready 
for transfer. 

ANALOG INPUTS AND TEST MODE 
ANO through AN10 (Pins 1-9, 11, 12) 

Analog Multiplexer Inputs. The input ANO is addressed by 
loading $0 into the mux address register. ANl is addressed by 



91, AN2 by 92, AN10 by 9A. Table 2 shovt/s the input 
format for a 16-bit stream. The mux features a break<before- 
make switching structure to minimize noise injection into the 
analog inputs. The source resistance driving these inputs must 
be :>10 kQ to ensure complete charging of sampling capaci- 
tance within the sampling interval. 

During normal operation, leakage currents through the an- 
alog mux from unselected channels to a selected channel and 
leak£ige currents through the ESO protection diodes on the 
selected channel occur. These leakage currents cause an offset 
voltage to appear across any series source resistance on the 
selected channel. Therefore, any source resistance greater 
than 1 kSl (Motorola test condition) may induce errors in excess 
of guaranteed specifications. 

There are three tests available that verify the functionality 
of all the control logic as well as the successive approximation 
com(>arator. These tests are performed by addressing $B, 9C, 
or 9Ci and they convert a voltage of (Vfgf -t-\/;\Q)/2, Vag« 
Vref , respectively. The voltages are obtained internally by sam- 
pling Vref or ^fl^G appropriate elements of the RC 
DAC during the sample phase. Addressing $B, 9C, or $D pro- 
duce:! an output of 9200 (half scale), $000, or 93FF (full scale), 
respectively, if the converter is functioning properly. However, 
deviation from these values occurs in the presence of sufficient 
system noise (external to the chip) on Vqq, Vss< ^raf. or 

vag- 

power and re1=erence pins 

Vss and VoD (Pins 10 and 20) 

OexHce Supply Pins. is normally connected to digital 
ground; Vqo is connected to a positive digital supply voltage. 
Low frequency (Vqo- Vgs) variations over the range of 4.5 
to 5.5 volts do not affect the A/D accuracy. (See the Oper- 
ations Ranges table for restrictions on Vref end V/^g relative 
to Vdd and Vss-) Excessive inductance in the Vdq or Vss 
lines, is on automatic test equipment, may cause A/D offsets 
> ± 1 LSB. Use of a 0. 1 /iF bypass capacitor across these pins 
Is recommended. 

Vag i>nd Vpef (Pins 13 and 14) 

Analog reference voltage pins which determine the lower 
and upper boundary of the A/D conversion. Analog input 
voltagiss ^ V^^f produce a full scale output and input voltages 
s Vag produce an output of zero. CAUTION: The analog input 
voltaga must be iVssand ^VoD.TheA/Dconversion result 
is ratiometric to ^Tef~^AG- ^ref ^nd V/^g must be as noise- 
free as possible to avoid degradation of the A/D conversion. 
Ideally, V^ef and V;\g should be single-point connected to the 
voltago supply driving the system's transducers. Use of a 
0.2 nF bypass capacitor across these pins Is strongly urged. 
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APPLICATIONS (NFORMATION 

DESCRIPTION 

This example application of theMC14GOSO/MC145061 ADCs 
interfaces three controllers to a microprocessor and processes 
data in reat-time for a vklao game. The standard joystick 
X-axis (left/ right) and Y-axis (up/down) controls as wed as 
engine thmst controls are accommodated. 

Figure 15 Illustrates how the MC146050/MC145051 is used 
as a cost-effect'r/e means to simplifv this type of circuit design. 
Utilizing one ADC, three controllers are interfaced to a CMOS 
or NMOS microprocessor with a serial peripheral interface 
(SPI) port. Processors with National Semiconductor's 
MICROWIRE serial port may also be used. Full duplex oper- 
ation optimizes throughput for this system. 

DIGITAL DESIGN CONSIDERATIONS 

Motorola's MCSBMCXSCA CMOS MCU may be chosen to 
reduce power supply size and cost. Tfw NMOS MCUs may 
be used if power consumption is not critical. A Vqq to Vss 
0. 1 liF bypass capacitor should t>e closely mounted to the ADC. 

Both the MC146050 and MC146051 accommodate all the 
analog system inputs. The MC146060, wtien used with a 
2 MHz MCU, takes 27 jis to sample the analog input, perform 
the conversion, and transfer the serial data at 2 MHz. Forty- 
four ADCLK cycles (2 MHz at input pin 19) must be provided 
and counted by the MCU before reading the ADC results. The 
MC146051 has the end-of-conversion (EOC) signal (at output 
pin 19) to define wtien data is ready, but has a slower 93 iis 
cycle time. However, the 93 /is is constant for serial data rates 
of 2 MHz independent of the MCU dock frequency- Therefore, 
the MC146051 may be used with the CMOS MCU operating 
at reduced dock rates to minimize power consumption without 
severely sacrificing ADC cycle times, with EOC being used to 
generate an interrupt. (The MC146051 may also be used with 
MCUs which do not provide a system clock.) 

ANALOG DESIGN CONSIDERATIONS 

Controllers with output impedances of less than 10 kilohms 
may be directly interfaced to these ADCs, eliminating the need 
for buffer amplifiers. Separate lines connect the Vrgf and V^G 
pins on the ADC with tfw controllers to provide isolation from 
system noise. 

Although not indicated in Rgure 15, tfw Vref and controller 
output lines may need to be shieMed, depending on their length 



and electrical environment. This should be verified during pro- 
totyping with an oscilloscope. If shielding is required, a twisted 
pair or foil-shielded wire (not coax) is appropriate for this low 
frequency application. One wire of the pair or the shield must 
be VaG- 

A reference circuit voltage of 5 volts is used for this appli- 
cation. The reference circuitry may be as simple as tying Vag 
to s^em ground and Vref to the system's positive supply. 
(See Figure 16.) However, the system power supply noise may 
require that a separate supply be used for the voltage reference. 
This supply must provide source current for V^gf as well as 
current for the controller potentiometers. 

A bypass capacitor of approximately 0.22 nf across the Vrgf 
and VaG Pi'^^ recommended. These pins are adjacent on 
the ADC package which facilitates mounting tfie capacitor very 
close to the ADC. 



SOFTWARE CONSIDERATIONS 

The software flow for acquisition is straightforward. The 
nine analog inputs, AND through AN8, are scanned by reading 
the analog value of the previously addressed channel into the 
MCU and sending the address of the next channel to be read 
to the ADC, simultaneously. 

If the design is realized using the MC14G050. 44 ADCLK 
cycles (at pin 19) must be counted by the MCU to allow time 
for A/D conversion. The designer utilizing the MC14S051 has 
the end-of -conversion signal (at pin 19) to define the conver- 
sion interval. EOC may be used to generate an interrupt, which 
is serviced by reading the serial data from the ADC. The soft- 
ware flow should then process and format the data, and trans- 
fer the information to the video circuitry for updating the 
display. 

When these ADCs are used with a 16-btt (2-byte) transfer, 
there are two types of offsets involved. In the first type of 
offset, the channel information sent to the ADCs is offset by 
12 bits. That is, in the l6-btt stream, only the first 4 bits (4 
MSBsl contain ttie channel information. The balance of the 
bits are don't cares. This results in 3 don't-care nibbles, as 
shown inTable2. The second type of offset is in the conversion 
result returned from the ADCs; this is offset by 6 bits. In the 
16-bit stream, the first 10 bits ( 10 MSBsl contain the conversion 
results. The last 6 bits are zeroes. The hexadecimal result is 
shown in tfie first column of Table 3. The second column 
shows the result after the offset is removed by a micropro- 
cessor routine. 
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Tabia 2. Programmer's Guide for 1&-Bit Transfers: Table 3. Programmer's Guide for 16-Bit Transfers: 
Input Code Output Code 



Input AddroM 
in Hax 


Unann6i 10 d6 
Convsrted Noxt 


Comment 




Convervion noeuit 


Conversion Raault 
With Offset 


Value 


$oxxx 


ANO 


Pin 1 




Removed 


Removed 




$1XXX 


AN1 


Pin 2 




$0000 


50000 


Zero 


$2XXX 


AN2 


Pin 3 




$0040 


$0001 


Zero-i- 1 LSB 


MXXX 


AN3 


Pin 4 




$0090 


$0002 


Zero + 2 LSBs 


»4XXX 


AN4 


Pin 5 




$00C0 


$0003 


Zero + 3 LSPs 


»5XXX 


AN5 


Pin 6 




S0100 


$0004 


Zero-)- 4 LSSs 


»6XXX 


AN6 


Pm 7 




$0140 


$0005 


Zero -t- 5 LSBs 


»7XXX 


AN7 


Pin 8 




$0180 


$0006 


Zero-)- 6 LSBs 


J6XXX 


AN8 


Pin 9 




$01 CO 


$0007 


Zero -1-7 LSBs 


»9XXX 


AN9 


Pin 11 




$0200 


$0008 


Zero -t- 8 LSBs 


»AXXX 


AN10 


Pin 12 




$0240 


$0009 


Zero -1-9 LSBs 


$BXXX 


AN11 


Helt Scale Test: Output = $8000 




$0280 


$OO0A 


Zero -1- 10 LSBs 


»CXXX 


AN12 


Zero Test: Output = $0000 




$02 CO 


$0006 


Zero-t- 11 LSBs 


$DXXX 


AN13 


Full Scale Test: Output = $FFCO 










$EXXX 


None 


Not Allowed 










$FXXX 


None 


Not Allowed 




• 












$FF40 


$03FD 


Full Scale-2 LSB 








$FF80 


$03FE 


Full Scale- 1 LSB 








$FFCO 


$03FF 


Full Scale 



5V01T 
REFERENCE 
CIRCUIT 



CONTROLLER 
#1 



CONTROLLER 
#2 



CONTROLLER 
#3 



LEnmiGHT 



UP/DOWN 



ENGINE THRUST 



LEFT/RIGHT 



UPIDOWN 



ENGINE THRUST 



LERffllGHT 



ENGINE THRUST 



V,.f Vdo 



ANO 
AN1 
AM2 

AN3 
AN4 
AN5 



5 V 



AOC 

MCI 45050 

MC145051 



AN& 




AN? 


AN9 


AN8 


AN10 


Vab 


J_^ss 



Figure 15. Joystick Interface 



C5 



(MCU5050I 
EOC 



IMC145051I 







VIOEO 
CIRCUITRY 






VIDEO 
MONITOR 
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MC1 45050* MCI 45051 



KGITAl +V 



00 NOT CONNECT 
ATIC 



5 V 

SUPP1.Y. U 



TO 

JOYSTICKS 



ANU06 END 



Voo 



MC1450S0 
MCI 4505 1 



OtBITAl. GNO 



00 NOT CONNECT 
AT IC 



Rgure 16. Alternate Configuration Using the Digital 
Supply for the Reference Voltage 



Compatible Motorola MCUs/MPUs 

This is not a comptete listing of Motorola's MCUs/MPUs. 
Conta« your Motorola iBprosantative if you nesd additional 
information. 



Instruction 


Msmory (Bytes) 


SPI® 


Device 


S«t 


ROM 


EEPnOM 


SCI® 


Number 


M6805 


2096 
2096 
4160 

4160® 
8K® 

4160® 
8K® 
7700 


4160 


Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 


MCe8HC05C2 

MC68HCX}5C3 

MC68HC05C4 

MC68HSC05C4 

MC68HSC06C8 

MC68HCL05C4 

MC6BHCL05C8 

MC68HC0SC8 

MC68HCa05C4 


Meaooo 








MC68HCOO0 



(T) SPI = Serial Penpharal Interface. 



(2) SCI = Serial Communications Interface. 

(3) High speed. 

(4) Low power. 
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